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Abstract

Background: Birth weight is very important for long-term physical, mental, health, and
brain development. Pesticide exposure is thought to interfere with fetal growth, among oth-
ers, through disruption of the function of the insulin-like growth hormone-1 (IGF-1) hormone.

Objective: To analyze the relationship between exposure to pesticides during pregnancy and
low-birth weight (LBW) through the disruption of the IGF-1 hormone.

Methods: In a case-control study, babies born with LBW (birth weight <2500 g) and those
born later with normal birth weight (=2500 g) at 2 hospitals in Brebes were chosen as cases
and controls, respectively. Maternal pesticide exposure was measured by interview using a
guestionnaire. Umbilical serum IGF-I level was tested using the ELISA method.

Results: There was a significant relationship between pesticide exposure during pregnancy
and LBW (OR 6.8; 95% CI 2.0 to 22.9) and low umbilical serum IGF-1 levels (OR 3.6; 95%
CI 1.2 to 11.1). There was a significant relationship between low umbilical serum IGF-1 levels
and LBW (OR 8.9; 95% CI 2.4 to 32.1).

Conclusion: There was a significant relationship between pesticide exposure during preg-
nancy and LBW through the umbilical serum IGF-1 reduction pathway.

KeyWOI'dS: Pesticides; Fetal blood; Infant, low birth weight; Organophosphates; Insulin-
like growth factor I

Introduction ship with long-term brain development.’

Low-birth weight (LBW), ie, birth weight
<2500 g,? is an important health concern,
particularly in developing countries.? LBW
is a major predictor of prenatal mortality
and morbidity. Recent studies have found
that LBW also increases the risk for non-

irth weight is one of the determi-
nants of a baby's survival; it deter-
mines the quality of physical and
mental growth in the future. Birth weight
is even known to have a close relation-
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Figure 1: ROC curves for various umbilical serum IGF-1 cut-off
values for LBW

communicable diseases such as diabetes
and cardiovascular disease, later in life.45
Optimal intrauterine growth is essen-
tial for fetal development and contributes
to birth weight and long-term health. Fe-
tal growth is influenced by interactions
between genetic, nutritional, hormonal,
and environmental factors.® One environ-
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mental factor that needs attention is ex-
posure to pesticides during pregnancy.”
Pregnant women in agricultural areas are
at risk of exposure to pesticides due to
their involvement in agricultural activities.
Several types of pesticides are often used
in agricultural areas; they are classified
as endocrine disrupting chemicals (EDC),
including organophosphate, chlorpyrifos,
and malathion.?

Exposure to toxic substances from the
environment can interfere with the syn-
thesis and secretion of the insulin-like
growth hormone-1 (IGF-1).° IGF-1 is one
of the most significant growth factors and
hormones in fetal growth.':* It plays a
significant role in fetal growth especially
in advanced gestational ages.’® IGF-1 is
a single-chain 7.5-kDa polypeptide that
promotes growth before and after birth.
During pregnancy, IGF-1 can affect fetal
growth through effects on maternal me-
tabolism and placenta, where IGF-1 plays
a role in metabolism, mitogenesis, and
differentiation of various types of cells in-
cluding regulation and the development
of trophoblast cells that make up the pla-
centa.'4'

Many research studies on the associa-
tion between pesticide exposure and LBW
have so far been conducted. However,
those that measure and analyze umbili-
cal serum IGF-1 levels as an intermediate
variable, are still very rare. We conducted
this study to analyze the association be-
tween exposure to pesticides and LBW

Birth weight is known to have a close relationship with long-
term brain development, baby's survival and the quality of
physical and mental growth in the future.

Pesticide exposure could be a risk factor for the occurrence
of growth disorders in children living in agricultural areas.

Environment toxic exposure during pregnancy can interfere
with the synthesis and secretion of the insulin-like growth
hormone-1, which increases the frequency of low-birth
weight.

through interference with umbilical serum
IGF-1levels.

Materials and Methods

In a case-control study we studied moth-
ers who gave birth in the period January—
May 2018 in the Brebes Regional General
Hospital and Bhakti Asih Hospital Brebes,
Central Java Province. Mothers who did
antenatal care in the study area, had a
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complete maternal and child health books,
singleton pregnancy, and spontaneous de-
livery were included in the study. Mothers
who had an emergency during labor, had a
history of chronic diseases (diabetes mel-
litus, pulmonary tuberculosis, poor nutri-
tion, etc), and/or came from the outside
Brebes Regency area were excluded.

Sampling was carried out by a consecu-
tive sampling method of all deliveries at
the Brebes General Hospital and Bhakti
Asih Hospital in the study period. Babies
born with LBW were included in the case
group; those born later with a birth weight
of >2500 g were included in the control
group. Data on gestational age at the time
of labor was obtained from the medical
birth registry from the hospital. Gesta-
tional age was categorized into preterm
birth (<38 wks) and term (=38 wks), be-
cause a normal pregnancy can range 38 to
42 weeks.' The minimum sample size was
calculated based on the equation proposed
by Lemeshow, et al, for case-control stud-
ies.”

Structured questionnaires were used to
collect the subjects' characteristics and his-
tory of pesticide exposure. History of pes-
ticide exposure was a composite variable
of four sub-variables of exposure risks: (1)
maternal involvement in agriculture be-
fore pregnancy, (2) maternal involvement
in agriculture during pregnancy, (3) the
maternal risk of exposure to pesticides in
the home environment before pregnancy,
and (4) the maternal risk of exposure to
pesticides in the home environment dur-
ing pregnancy. Subjects were considered
“exposed to pesticides” if they had a mini-
mum of two of the four exposure risks.
Structured questionnaires were also used
to obtain information about the character-
istics of the subjects (age, type of occupa-
tion, level of education, maternal smoking
habit, the presence of family members who
have smoking habits, etc).

Blood sampling from the umbilical cord
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Table 1: Characteristics of the studied mothers. Values are either

median (IQR) or n (%).

Characteristics

Age (yrs)
Weight (kg)
Height (cm)

Gestational age (wks)

Hemoglobin levels (g/dL)

Gravida

Primigravida

Multigravida

Parity
Primipara

Multipara

Maternal Education
Elementary school
Junior high school
High school

Maternal Occupation

Private employees

Traders

Farmer/owner

Farm workers

Housewife

Others

Husband's education
Elementary school
Junior high school

High school

Case (n=29) Control (n=29) p value

31.0 (11.0)
60.0 (12.0)
155.0 (7.0)
36.0 (3.5)
11.0 (0.4)

10 (35%)
19 (66%)

9 (31%)
20 (69%)

20 (69%)
6 (21%)
29 (100%)

1(3%)

3 (10%)
1(3%)
13 (45%)
10 (35%)
1(3%)

20 (69%)
5 (17%)
4 (14%)

29.0 (11.0)
60.0 (11.0)
154.0 (8.0)
38.0 (2.5)
11.0 (0.5)

9 (31.0)
20 (69.0)

9 (31.0)
20 (69.0)

21 (72.4)
7 (24.1)
1(3.4)

4 (13.8)
5(17.2)
2 (7%)

8 (28%)
10 (35%)
0 (0%)

21 (72%)
7 (24%)
1(3%)

0.999*
0.861*
0.318"
0.0011
0.4151
1,000

0.523"

i
0.577

+
0.438

0.340°
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Continued

Table 1: Characteristics of the studied mothers. Values are either
median (IQR) or n (%).

Characteristics

Case (n=29) Control (n=29) p value

Husband's occupation

Private
Traders
Farmer/owner
Farm workers
Fisherman

Others

Maternal's smoking habit

Yes

No

Family members smoking habits

Yes

No

4(14%)  6(21%) 0.900"
9(31%) 8 (28%)

0 (0%) 1(3%)

14 (48%) 12 (41%)

1(3%) 1(3%)

1(3%) 1(3%)

0 (0%) 0 (0%) 1.000'
29 (100%) 29 (100%)

25 (86%) 24 (83%) 1.000'
4(14%)  5(17%)

*Independent-sample Student's t test, TMann-Whitney U test, *x? test

during labor was carried out by trained
midwives. Plasma concentrations of IGF-1
were measured using microplate enzyme-
linked immunosorbent assays (ELISA, Di-
agnostic Systems Laboratories, Webster,
TX, USA) according to the manufacture
instructions. Triplicate assays were per-
formed for each sample. Absorbance was
read using a microplate reader (DSL, Web-

Table 2: The median (IQR) of infants' anthropometric parameters
between cases and controls

Anthropometrics

Birth weight (g)
Birth length (cm)

Head circumference (cm) 30 (2)

18

Case (n=29) Control (n=29) p value

2100 (445) 3100 (750) <0.001
44 (3) 48.0 (4) <0.001
33.0 (3) <0.001

ster, TX, USA).*® The cut-off value for IGF-
1level for LBW was determined using ROC
curve analysis by maximizing the Youden's
index,92° which revealed a cut-off value of
32.6 ng/dL, with a sensitivity and specific-
ity of 0.862 and 0.586, respectively (Fig 1).
An IGF-1 level <32.6 ng/dL was consid-
ered “low.”

Data were analyzed with SPSS® for
Windows® ver 16.0. Student's t test for
independent samples and Mann-Whitney
U test were used to compare the normally
and non-normally distributed variables,
respectively, between cases and controls.
Spearman's p was used to determine the
correlation between serum IGF-1 level and
the anthropometric data recorded (birth
weight, head circumference, and birth
length). ¥ test was used to determine the
association between pesticide exposure,
IGF-1 levels, and LBW. Binary logistic re-
gression analysis was used to analyze the
effect of pesticide exposure, IGF-1 levels,
and gestational age on LBW.

Ethics

This study was approved by the Medical
Research Ethics Committee of the Faculty
of Medicine, Diponegoro University (688/
EC/FK-RSDK/XII/2017).

Results

We studied 36 LBW newborns (cases) and
36 normal babies (controls). Of 36 LBW
babies, seven were excluded: blood sam-
ples were lysed in four, one died because
of eclampsia, and two refused to stay in
the study, leaving 29 LBW babies in the
case group. There were also seven babies
who dropped out in the control group:
blood samples were lysed in five and two
refused to continue their participation in
this study, leaving 29 babies in the control
group.

The studied groups were well matched
for their basic characteristics, with the ex-
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ception of the gestational age and anthro-
pometric data—birth weight, birth length,
and head circumference (Table 1). The
anthropometric measurements, ie, birth
weight, birth length, and head circumfer-
ence, were significantly different between
the case and control groups (Table 2).

Maternal involvement in agricultural
activities before pregnancy and the risk of
pesticide exposure in the home environ-
ment during pregnancy were proved as
risk factors for LBW (OR of 4.9 and 6.2,
respectively) (Table 3).

Those with a history of pesticide ex-
posure had lower median IGF-1 levels
than those without a history of exposure
(p=0.003; 29.7 [IQR 17.4] and 52.7 [40.1]
ng/dL, respectively). Meanwhile, mothers
with a history of pesticide exposure had a
3.6-fold increase in the risk of having low-
er IGF-1levels than those without a history
of pesticide exposure (Table 4).

The median IGF-1level in the case group
was significantly (p<0.001) lower than the
control group (30.6 [IQR 16.9] and 57.1
[35.9] ng/dL, respectively). Mothers with
low IGF-1 levels were at significant risk of
giving birth to babies with LBW compared
with mothers with high IGF-1 levels (Table
5).

There were two independent predictors
of LBW—pesticide exposure (adj OR 4.1;
95% CI 1.1 to 16.2) and low IGF-1 level (adj
OR 7.2; 95% CI 1.8 to 29.2); gestational
age <38 weeks was not an independent
risk factor (adj OR 2.7; 95% CI 0.7 to 9.8).

There were significant (p<0.001) corre-
lations (0.445< p <0.596) between umbili-
cal serum IGF-1level and all anthropomet-
ric parameters measured in the babies.

Discussion

We found an association between expo-
sure to pesticides in pregnant women and
giving birth to LBW babies. A study in
France concludes that exposure to pesti-

Table 3: The relationship between pesticide exposure and LBW.
Values are n (%).

Variables Cases (n=29) Controls (n=29) OR (95% ClI)

Maternal involvement in agricultural activities before pregnancy
Yes 21(72) 10 (35) 4.9 (1.6t0 15.2)
No 8 (28) 19 (66) 1

Maternal involvement in agricultural activities during pregnancy
Yes 13 (45) 7 (24) 2.5(0.8107.8)
No 16 (53) 22 (76) 1

The risk of pesticide exposure in the home environment
before pregnancy

Yes 18 (62)
No 11 (38)

11 (38) 26(09t07.7)
18 (62) 1

The risk of pesticide exposure in the home environment during
pregnancy

Yes 18 (62)
No 11 (38)

6 (21) 6.2 (1.9 t0 20.2)
23 (79) 1
History of maternal pesticide exposure (composite variable)*
Yes 17 (59) 5(17) 6.8 (2.0 to0 22.9)
No 12 (41) 24 (83) 1

*Subjects were considered to be exposed to pesticides if they had a minimum of
two out of four exposure risks.

cides in pregnant women has influence on
fetal development in utero.?* Involvement
of pregnant women in agricultural activi-
ties puts them at risk of exposure to pes-
ticides, for example, when farmers spray
plants with pesticides in the fields while
pregnant women are looking for pests or
pulling grass from plants in the same area.
Our previous study conducted in the same
location, shows that pesticide exposure is
a risk factor for developing goiter,* hypo-
thyroidism,? and stunting in children-.
The pesticides used in the study region
were classified as EDCs. These chemicals
can interfere with the synthesis, secretion,
transport, metabolism, binding action, and
elimination of hormones in the body that
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Table 4: The association between pesticide exposure and IGF-1 levels. Values are n (%).

Umbilical serum IGF-1 levels

Maternal exposure to pesticide Low (<32.6 ng/dL)

Yes (n=22) 12 (55)
No (n=36) 9 (25)

function to maintain balance (homeosta-
sis), reproductive, and growth processes.?
One of the hormones that can be disrupted
by exposure to pesticides is IGF-1, a hor-
mone that is needed in the process of the
growth process. IGF-1 is a mitogenic hor-
mone peptide with a single 70-amino acid
chain; its structure is similar to proinsulin,
which stimulates systemic body growth in
various species. IGF-1 is produced in al-
most all organs, but the liver is the main
source of circulating IGF-1.2° It is believed
that the mechanism of the observed growth
disturbance in the fetal and childhood pe-
riods is mainly due to the presence of these
chemicals in the environment.

Our study showed that pregnant wom-
en with a history of pesticide exposure had
lower umbilical serum IGF-1 levels than
those not exposed to pesticides. Umbilical
serum IGF-1 levels in the case group also
proved to be much lower than that in the
control group. These results were consis-
tent with studies in Sudan®” and Norway>=®.
Our previous study also proved that IGF-1
levels in stunting children were lower than
in normal children.>* Analysis of all sub-
jects (n=59) showed a significant correla-
tion between umbilical serum IGF-1 levels
and infants' anthropometric parameters
(birth weight, length of birth and head cir-
cumference). There is a growing body of
evidence linking IGF-1 with neonatal birth

High (232.6 ng/dL) OR (95% Cl)
10 (46) 3.6 (1.2to0 11.1)
27 (75) 1

weight.? This association is manifested by
any increase in neonatal IGF-1 associated
with an increase in birth weight* and any
decrease in IGF-1 associated with a de-
crease in birth weight.3° In the fetus, IGF-1
and insulin, which promotes IGF-1 pro-
duction,3! rather than growth hormone is
the main driver of growth.3? IGF-1-depen-
dent growth is mediated by the glucose-
insulin axis, which allows a rapid response
to nutritional fluctuations,?® and concen-
trations of IGF-1 normally rise throughout
mid-late gestation to support the acceler-
ated growth that normally occurs in the
third trimester in utero.3334

As a result of its estrogenic/anti-andro-
genic, it is possible that pesticides can also
directly influence the growth hormone
IGF-1 system.? Studies in animals and hu-
mans have shown that environmental pol-
lution, such as benzopyrene, dioxin, diben-
zofurans, and hexachlorobenzene can
alter the normal synthesis or secretion of
IGF-1.3¢ Exposure to pesticides, especially
organochlorine groups, can also interfere
with IGF-1 function.’*3” Pesticide exposure
could be a risk factor for the occurrence of
growth disorders in children living in agri-
cultural areas.?# Research in Spain proved
that the average IGF-1 level in the female
in whom DDT metabolites were detected
in urine was lower than that in those in
whom the metabolites were not detected.*°

Table 5: The association between umbilical serum IGF-1 levels and LBW. Values are n (%).

Umbilical serum IGF-1 levels

Low (<32.6 ng/dL)
High (232.6 ng/dL)

17 (59)
12 (41)

Cases (n=29)

Controls (n=29) OR (95% CI)
4 (14)

25 (86)

8.9 (2.4 to 32.1)
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Based on logistic regression analysis, it
was shown that pesticide exposure and
low umbilical serum IGF-1 levels (<32.6
ng/dL) were independent risk factors for
LBW. During pregnancy, levels of growth
factors such as IGF-1 and IGF-2, epider-
mal growth factor (EGF), platelet-derived
growth factor (PDGF), factor growth fibro-
blasts (FGF-2 and FGF-4), and transform-
ing growth factor (TGF-) increase in the
maternal circulation and continue to be
elevated during pregnancy. This suggests
that the hormone has an important role
in the growth of the developing fetus.3®
Research by Karamizadeh in Iran shows
a positive and significant correlation be-
tween maternal IGF-1 levels and infant
birth weight.3° IGF-1 plays a role in growth
through its role as a mitogen and stimu-
lator of cell proliferation and plays an im-
portant role in the process of mild repair/
regeneration.*° Exposure to toxic materi-
als that occur during the growth period
(fetal, infancy and childhood periods) is
more likely to have a more negative impact
than exposure during adulthood.+

The limitation in this study was that
IGF-1level was only measured once. It just
described the condition at that moment,
so the temporal relationship and causal-
ity could not be examined. It is necessary
to consider serial measurements of serum
umbilical IGF-1 in future studies—at the
beginning of the first, second and third
trimester—so an explanation of the role
of IGF-1 as an intervening/intermediate
variable of fetal growth disturbance due to
pesticide exposure can be better studied.

In conclusion, there is a significant as-
sociation between exposure to pesticides
during pregnancy and giving birth to LBW
babies through affecting the umbilical se-
rum IGF-1 pathway.
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